• We have recently demonstrated direct right ventricular drainage of the septal branch of the common left coronary artery of dogs with normal pressure-flow relationship maintained between the coronary vasculature and the ventricular chambers.
• We have recently demonstrated direct right ventricular drainage of the septal branch of the common left coronary artery of dogs with normal pressure-flow relationship maintained between the coronary vasculature and the ventricular chambers. 1 Using similar methods the search for Thebesian drainage of the common left coronary artery has been extended to the left heart of the dog, and the results of this investigation are herein reported.
Methods
These studies were performed in open-chest, mongrel dogs anesthetized with morphine and pentobarbital, and maintained on intratracheal positive pressure respiration. After anticoagulation with heparin, a Morawitz cannula with an occlusive balloon-tip was placed in the orifice of the coronary sinus via the right atrial appendage, and its outflow was diverted via a long (2 m) external circuit to a previously cannulated left external jugular vein.
A short segment of the right carotid artery was excised and replaced by a T cannula with a oneway flap valve at its central end. This valve allowed blood to flow from the aorta into an overhead reservoir from which blood was returned to the animal through the cephalic segment of the interrupted carotid artery. With this arrangement blood returned to the animal from the reservoir via the cerebral circulation rather than draining directly back into the aorta. After the valve was in place the aorta was ligated distal to the left subclavian artery and blood was diverted into the overhead reservoir, the height of which was adjusted to maintain a mean aortic pressure of 100 mm Hg. The purposes of these arrangements were to slow the circulation time by reducing the cardiac output, to maintain a constant aortic pressure, and to prevent distortion of dilution curves recorded from the aorta by blood returning directly to the aorta from the overhead reservoir.
The left carotid artery was cannulated and used to perfuse the coronary artery under study. In some animals a common left coronary arterial cannula was placed in the coronary ostium via the left subclavian artery and tied in place. Care was taken that none of the branches of the common left coronary artery were obstructed by the cannula. In other animals the left circumflex, the anterior descendens, or the septal artery was ligated at its origin, cannulated, and perfused from the carotid artery. The left anterior atrial artery was either cannulated directly if sufficiently large, or indirectly by cannulating the isolated segment of the circumflex artery from which it arose. In the latter situation the circumflex arterial segment beyond this point was separately cannulated and perfused.
Polyethylene sampling catheters (PE-260) were placed in the root of the aorta, the left atrium, and in some animals in a pulmonary vein, and led through a split sodium iodide scintillation crystal." The catheters were connected to a mercury suction bottle which withdrew blood through the scintillation crystal at a standard rate of 40 ml/min. When these arrangements were completed 50 /xc to 300/u.c of I ' " serum albumin,t contained in a volume of less than 0.5 ml, was instantaneously injected into the cannula tubing of the perfused coronary artery and sampling from the site of interest was begun. Time-concentration curves of radioactivity were measured by a ratemeter % with a time constant of 0.5 seconds, and a scale factor of from 10,000 counts/min (10 K) to 100,000 counts/min (100 K), and were recorded on a Rectiriter § at a paper speed of 12 inches/min. After each determination, transit time through the sampling cadieter was measured and the appearance time of the time-concentration curve correspondingly corrected.° Harshaw Chemical Company, Cleveland, Ohio. Simultaneous with the coronary artery isotope injection, cardiogreen dye was injected into the jugular vein and time-concentration curves for cardiac output determination were recorded from the aorta by constant sampling through a densitometer.* The cardiac output determinations averaged 358 ml/min with a range from 136 to 960 ml/min, and were used to quantitate the primary peaks of radioactivity recorded from the aortic root. The amount of isotope represented by the first isotope peak at the aortic sampling site was determined by use of the formula, I = CavT X F, where / is the amount of isotope at that site calculated as the product of the area of the time-concentration curve, CavT, and the cardiac output, F. Since the amount of isotope injected was known, I could then be expressed as a per cent of the injected dose appearing early in the aorta. Assuming complete mixing, this represents the amount of direct left heart drainage from the coronary artery under study. Quantitative curve analysis was done only in those determinations in which separation of the early peaks of radioactivity from recirculation peaks allowed extrapolation of the initial downslope. Attempts to quantitate early appearance of isotope in the left atrium were unsuccessful because of marked variation in the time-concentration curves incident to poor mixing in this chamber.
In some animals oximetric study of aortic blood before and after occlusion of the left circumflex and left anterior atrial arteries was done by constant sampling through the densitometer.
Results
The common left coronary artery or its major branches were cannulated in 45 dogs and time-concentration curves of radioactivity were recorded from the root of the aorta after intracoronary injection. The septal artery was studied in 10 dogs and in only one animal was direct left heart drainage as represented by early appearance at the aortic sampling site noted. The anterior descendens artery was studied in 7 dogs and no early radioactive peaks were detected in the aorta. The left circumflex artery was studied in 13 animals, the left anterior atrial artery in 8 animals, and the common left artery in 7; in every instance early peaks of radioactivity were detected in the aorta although not all were suitable for quantitative analysis. An initial peak of radioactivity is present with an appearance time of five seconds and represents radioactivity that has drained directly into the left heart. The second peak of radioactivity represents isotope that has drained into the coronary sinus, escaped the coronary sinus cannula, and has recirculated to the left heart. The third and largest peak of radioactivity represents the major portion of the isotope that has drained into the coronary sinus cannula and has been delayed in returning to the heart by the external circuit connecting the sinus to the jugular vein. Curves of this contour were consistently seen after isotope injection into the left circumflex artery, the left anterior atrial artery, and the common left artery cannulated at its origin. Figure 2 illustrates the early appearance in the left atrium as well as the aorta and the absence of a primary radioactive peak in the pulmonary veins. This confirms the interpretation that the first aortic peak is the result of direct left heart drainage from the circumflex artery.
Time-concentration curves recorded in pulmonary vein, left atrium, and aortic root after circumflex injections. Scale factors 100,000 and 30,000 counts/min.
In figure 3 , panel A indicates that in 8 animals an average of 6% of isotope injected into the circumflex artery can be accounted for by the early time-concentration curve in the root of the aorta. In these preparations the circumflex artery was cannulated above the origin of the left anterior atrial artery. If, however, the left anterior atrial artery was occluded during the circumflex artery injection, or if the circumflex was cannulated below the origin of the left anterior atrial artery, marked attenuation of the early aortic curve occurred. As illustrated in figure 3 , panel B, this reduced the magnitude of drainage accounted for in the aorta from 6% to less than 2%.
Since these data indicated that the majority of the early left heart drainage from the circumflex artery was via its left anterior atrial branch, direct study of the latter artery was undertaken. Figure 4 indicates that a major Circulalinn Relearch, Volume XIV. March 196-i amount of isotope injected into this vessel drains directly into the left heart as represented by the early time-concentration curve in the aorta.
In order to determine the fraction of total common left artery flow represented by this direct left heart drainage isotope injections were made into the artery, cannulated at its origin above all branches. Figure 5 shows that about 2% of isotope injected into the common left coronary artery can be accounted for by the early peak of radioactivity at the aortic root.
Oximetric studies from the aorta before and after occlusion of the left circumflex and left anterior atrial arteries failed to show any significant change in oxygen saturation of the aortic blood. A 
Discussion
This study has demonstrated that in the normally beating dog heart there is Thebesian drainage into the left heart from the common left coronary artery. When the average value of this drainage, 2%, is added to the 13% of common left flow shown previously to drain directly into the right ventricle via the septal branch, 1 it is clear that a significant amount of outflow of this artery escapes coronary sinus drainage. The usual discrepancy of 15% to 20% between the volume of common left coronary inflow and coronary sinus outflow is primarily due to these additional drainage channels.
These studies additionally show that the left heart drainage from the common left coronary artery is via the left circumflex branch and the left anterior atrial artery. Drainage into the left heart from the anterior descendens artery could not be demonstrated, and only small and occasional drainage from the septal artery was shown. The left anterior atrial artery, a branch of the left circumflex originating within 1 cm of the common left bifurcation 2> 3 appears to be the major but not the sole source of left heart drainage from the circumflex artery since residual drainage is present when it is occluded or when isotope injections are made downstream of its origin. It is probable that the remainder of the left heart drainage from the circumflex is through other left atrial branches, or possibly through ventricular branches.
Presumably a major part of this left heart drainage is into the left atrium since early radioactive peaks are recorded there as well as in the aortic root. Unfortunately, mixing characteristics are such in the left atrium that reliable time-concentration curve analysis is not possible. Consequently, a derived figure for possible left ventricular drainage by quantitative comparison of left atrial and aortic root dilution curves could not be obtained. Although the question of left ventricular drainage from the circumflex branch of the common left coronary artery cannot be answered by this study, a significant barrier to its solution is apparent. The presence of drainage upstream from the ventricle will vitiate any demonstration by dilution techniques of left ventricular drainage from the circumflex artery.
Failure to show significant drainage into the left heart from the anterior descendens artery is at variance with the dye dilution studies of Watanabe. 4 However, the majority of his studies were done with the heart fibrillating or in excised, perfused preparations. In his studies of the beating heart in which dye dilution curves were recorded from the aorta after injections into the left anterior descendens artery and compared with curves similarly recorded after right atrial injection, the appearance time differences were variable and unconvincing. In addition, the author did not indicate whether such injections were made above or below the septal artery which in 50% of dogs has its origin from this artery. 5 Unfortunately, the total common left and the left circumflex arteries were not studied in Watanabe's investigation. Although some of his data are compatible with potential drainage pathways into the left ventricle from the left anterior descendens artery, our study indicates that such drainage is not functional in a normally beating heart.
It was hoped that the oximetric studies of aortic blood before and after occlusion of the circumflex and left anterior atrial arteries would help define the venous or arterial character of these drainage pathways. However, no significant change in oxygen saturation of aortic blood was found after these maneuvers. Nonetheless, no conclusions are justified from these data since the amount of blood draining into the left heart from the common left system (2%) is small compared to the diluting volume of the cardiac output.
Summary
Direct left heart drainage from the common left coronary artery has been demonstrated in the normally beating dog heart by an isotope dilution technique. The major portion of this drainage has been shown to be through the left circumflex branch of the common left coronary artery. The left anterior atrial artery, a branch of the left circumflex, has in turn been shown to be the major pathway of drainage from the latter. Left heart drainage could not be demonstrated from isotope injections into the left anterior descendens artery, and in only one preparation could such drainage be documented from the septal branch of the common left artery.
The magnitude of left heart Thebesian drainage has been estimated by analysis of time-concentration curves recorded from the aorta. An average of 2% of total common left coronary artery inflow drains directly into the left heart. Although the major drainage is probably into the left atrium, left ventricular drainage has not been excluded.
